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ABSTRACT 
This paper presents calculations for the net efficiency of the rolling-piston type rotary 
compressors with the suction volume from 2.5 cm3 to 10.26 cm3, which is composed of the 
compression, mechanical and volumetric efficiencies. A special attention was paid to calculate 
the compression efficiency, which is significantly determined by the heat transfer from the high 
temperature circumstances outside the compression mechanism into the compression chamber, 
through the thrust plates. Calculations were made for a number of combinations of the cylinder 
inner radius, the piston radius and the cylinder depth for each suction volume. Conclusively, 
the possible optimal value of the net efficiency and the optimal design values of the cylinder 
inner radius, the piston radius and the cylinder depth are presented, for a representative case of 
the mechanical friction and the gas leakage. 
INTRODUCTION 
One of our great concerns in developing compressor design technologies is the 
compressor performance. For its higher performance, Ishii et al. (1990 Ill; 1998 /2/) have 
calculated the mechanical efficiency first, and then the volumetric efficiency, for the rolling-
piston type rotary compressors. Calculations were made for a number of combinations of the 
cylinder inner radius, the rolling-piston radius and the cylinder depth for a given volume of 
suction. Thus, it has been significantly shown that the specific combination can lead the 
resultant in mechanical and volumetric efficiencies to its highest value. However, in order to 
calculate the ultimate net efficiency of the compressor, the compression efficiency has to be 
definitely calculated, which is caused by the heat transfer from the high temperature 
circumstances outside the compression mechanism into the compression chamber, through the 
thrust plate. The previous study by Ishii et al. (2000 /3/) introduced the basic theory for the 
heat transfer, and presented calculations for the compressed pressure increase due to the heat 
transfer and the compression efficiency, but for a representative combination of the major 
dimensions. 
This study first presents the similar calculations as in the previous study (Ishii et al. 2000 
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/3/) for the compression efficiency, where the combinations of the major dimensions were varied 
for each suction volume from 2.5 cm3 to 10.26 cm3. Secondly, the mechanical efficiency was 
calculated for the same conditions as for the compression efficiency, where the frictional 
coefficient was assumed to be its representative values: 0.013 for the crank journal and 0.083 for 
around the blade, which were empirically determined by Ishii et al. (1989 141). Thirdly, the 
volumetric efficiency was calculated for the same conditions as for the compression efficiency 
again, where both the radial and axial clearances of the gas leakage were assumed to be 10 J..Lm 
for convenience. The leakage flows from the narrow paths were calculated by the 
incompressible and viscous theory for the entire turbulent flow. Finally, the net efficiency, 
which is the product of the compression, mechanical and volumetric efficiencies, was calculated 
to reveal its maximal value and the optimal design values for the major dimensions of the rotary 
compressors. 
COMPRESSION EFFICIENCY 
The previous study (Ishii et al. 2000 131) assumed the gas flow in the compression 
chamber to be under an entire turbulent, and applied the forced turbulent convection heat 
transfer theory to calculate the heat transfer quantity into the compression chamber, through the 
thrust plates. Conclusively, the gas pressure and the resulting compression efficiency were 
calculated but for a representative combination of the major dimensions: the cylinder inner 
radius R of 22 mm and the piston radius r of 14 mm for the suction volume Vs of 2.5 cm3. 
Here the effects of the piston radius r upon the gas pressure were examined for the fixed 
values of V8=2.5 cm3 and R=22 mm. Figure 1 shows the gas pressure p and the heat transfer 
areaS, where the piston radius r was assumed to be 14 mm, 17 mm and 20 mm, the calculated 
results of which are named Cases-1, 2 and 3, respectively. The abscissa is the crankshaft 
rotating angle 8 . As r increases, the heat transfer area S becomes smaller as a whole and 
hence the heat transfer decreases, thus resulting in a smaller increase in gas pressure. Therefore, 
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{c) Case-3 : r = 20 mm 
Figure 1. Effects of the piston radius r upon the gas pressure p, for V8=2.5cm
3 and R=22mm, 
and the resulting compression efficiency 1J c • 
The similar examinations were made for the different suction volumes of 5.0, 7.5 and 
10.26 cm3, as shown in Figure 2 for the fixed values of R=22 mm and r=14 mm. The increase 
in gas pressure, due to the heat transfer, varies inversely as the suction volume, as given in 
expression (12) of the previous paper. Therefore, as the suction volume Vs increases, the 
increase in gas pressure decreases, thus increasing the compression efficiency, as 96.3, 97.5 and 
98.2 %, which are named Cases-4, 5 and 6, respectively. 
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Figure 2. Effects of the suction volume Vs upon the gas pressure p, for R=22mm and r=14mm, 
and the resulting compression efficiency 1] c • 
As the cylinder inner radius R increases, the compression efficiency decreases. That's 
is why the heat transfer area S increases as a whole, with increasing R. Figure 3 shows Cases-7 
(R=18 mm), 8 (R=26 mm) and 9 (R=30 mm), which result in the compression efficiency of 96.8, 
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Figure 3. Effects of the cylinder inner radius R upon the gas pressure, for Vs=2.5cm3 and 
r=14mm, and the resulting compression efficiency TJc . 
1: 
UJ 
In order to arrange the calculated results for the compression efficiency flc, Figures 4 and 
5 were prepared, where the case numbers are plotted in each figure. The gas compression 
energy for one cycle, W g-c• is also shown in each lower diagram, where the solid line represents 
the energy with heat transfer and the dotted the energy without heat transfer. All characteristic 
curves exhibit the tendency to increase with increasing the abscissa, and the level becomes lower, 
with decreasing the suction volume, as in Figure 4, or with increasing the cylinder inner radius, 
as in Figure 5. Especially, the slope of the compression efficiency curves becomes steeper with 
decreasing the suction volume. Therefore, one may understand that the smaller the cooling 
capacity of the compressor to design is, the more the special attention should be paid to the 
effects of the heat transfer upon the compression efficiency. 
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Figure 4. Effects of the suction volume 
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Figure 5. Effects of the cylinder 
Inner radius R upon 
The compression efficiency 
1] c vs. r, for Vs = 2.5cm3• 
MECHANICAL AND VOLUMETRIC EFFICIENCIES 
Ishii et al. ( 1982 /51) has based calculations for the mechanical efficiency of the rotary 
compressors: the strict equations of motion of the moving compressor elements were derived 
and computer-simulated, for example, to calculate the frictional forces at each pair of the 
moving elements. Furthermore, Ishii et al. (1989 /4/) measured the mechanical efficiency and 
the self-rotating speed of the rolling-piston, which is sensitive to the friction against the blade, to 
numerically simulate the frictional coefficients: 0.083 at the blade to piston and at the blade to 
cylinder slot; 0.013 at the crank journal; 0.006 at the piston to crank pin. 
These studies can be effectively applied to calculate the mechanical efficiency for a 
number of combinations of the major dimensions. The typical examples of the mechanical 
efficiency 11m• calculated for the fixed cylinder-inner-radius of 22 mm, are presented in Figure 6, 
where the abscissa is the piston radius r. As r becomes smaller, the frictional loss at the blade 
to cylinder slot increases, whereas, as r becomes larger, the frictional losses both at the crank 
journal and the piston to crank pin increase. As a result, even in what kind of suction volume, 
the resultant loss due to mechanical frictions takes its minimal value, thus yielding a maximum 
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in mechanical efficiency curve. Of quite significance is that the maximum in mechanical 
efficiency keeps its high level, even when the suction volume becomes smaller. 
v.=2.5cm3 
3 v.=7.5em3 v. = 10.26cm3 v.=S.Ocm 
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Figure 6. Mechanical efficiency curve for the fixed cylinder- inner- radius R of 22mm . 
Ishii et al. ( 1982 /51) has based calculations for the volumetric efficiency of the rotary 
compressors, on the basis of their studies (1996 /6, 7/) for the scroll compressors. The gas 
leakage from the radial clearance at the piston outer surface and from the axial clearance at the 
blade end can be easily calculated by the incompressible and viscous flow theory, assuming the 
entire turbulent leakage flow from the narrow paths. 
Here assume both the radial and axial clearances to be 10 f.Lm, for convenience, which is 
a well-possible value by the modem technologies in production. The typical examples of the 
volumetric efficiency Tlv• calculated for the fixed cylinder-inner-radius of 22 mm, are presented 
in Figure 7. The volumetric efficiency curve shows the similar feature as the mechanical 
efficiency. The leakage from the axial clearance increases, with decreasing r, whereas the 
leakage from the radial clearance increases, with increasing r. As a result, even in what kind of 
suction volume, the resultant leakage takes its minimal value, thus yielding a maximum in 
volumetric efficiency curve. A demerit should be noted here that the maximum in volumetric 
efficiency becomes fairly lower, when the suction volume becomes smaller. 
v. = 2.5cm3 v. = 5.0em3 v. = 7.5cm3 V5 = 10.26cm3 
..-----------, 100....----------, 100r--------, 100 100 
95 95 95 95 
~ 90 90 
89.73 
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Figure 7. Volumetric efficiency curve for the fixed cylinder- inner - radius R of 22mm . 
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OPTIMAL NET EFFICIENCY AND DESIGN VALUES 
OF MAJOR DIMENSIONS 
The product of the compression, mechanical and volumetric efficiencies, shown in 
Figures 4, 6 and 7, respectively, results in the net efficiency 11 for the cylinder inner radius R of 
22 mm, as shown in Figure 8. The abscissa is the piston radius r and the parameter is the 
suction volume V5 • Depending significantly upon the mechanical and volumetric efficiencies, 
any characteristic curve of the net efficiency exhibits a maximum, which is depressed to some 
extent by the compression efficiency. As the suction volume is smaller, the maximum value of 
the net efficiency rapidly decreases, as plotted by a small circle. This was definitely caused by 
the volumetric efficiency shown in Figure 7. Furthermore, the smaller the suction volume is, 
the sharper the characteristic curve is. This result suggests a special significance of selecting 
the optimal combination of the major dimensions, when designing the smaller cooling capacity 
compressors. 
When changing the cylinder inner radius R, the net efficiency curve for the suction 
volume of 2.5 cm3, shown in Figure 8, changes, as shown in Figure 9. Our concern is for the 
maximum value, which is plotted by a small circle again. The plotted data significantly varies 
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Figure 9. Effects of the cylinder inner 
radius R upon the net 
efficiency TJ 
for Vs = 2.5cm3 • 
Thereupon, the maximum net efficiency llrnax and the corresponding piston radius rmax 
were arranged over R, as shown in Figure 10. Similar arrangements for other suction volumes 
were made in the same figure. Of quite significance here is that each maximum net efficiency 
curve exhibits a maximum again, which is plotted by each sign. The plotted data give the 
optimal values for the net efficiency. The corresponding design values of the piston radius and 
the cylinder inner radius are plotted by each sign again, in the bottom diagram. 
At the end, the optimal net efficiency llopt• the optimal cylinder-inner-radius ~Pt' the 
optimal piston radius ropt and the optimal cylinder depth Hopt were arranged in Figure 11, in 
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which the abscissa is the suction volume V8• This is the final design chart of the rotary 
compressors for its optimal performance. The optimal design values, shown in the bottom 
diagram, suggest a comparatively flat compression mechanism for the optimal net efficiency, the 
aspect ratio (H/2R) of which is about 0.15 to 0.23. As the suction volume becomes smaller, the 
optimal net efficiency fairly becomes lower, for example, 76% at Vs=2.5 cm3• This is a natural 
result, since the leakage clearance was kept at the constant value of 10 flm. If the leakage 
clearances were so improved as to be minimized, the optimal net efficiency at Vs=2.5 cm3 could 
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Figure 10. Maximal net efficiency 1J max 
and piston radius r vs. cylinder 
inner radius R 
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Figure 11. Optimal net efficiency 1J opt and 
optimal dimensions ropt, Ropt and 
Hopt vs. suction volume V 8 • 
CONCLUSIONS 
The net efficiency composed of the compression, mechanical and volumetric efficiencies 
was computer-simulated for a number of combinations of the cylinder inner radius and the 
piston radius for each suction volumes from 2.5 to 10.26 cm3• As a result, the optimal design 
chart diagram for the cylinder inner radius, the piston radius and the cylinder depth was 
presented, and the possible optimal net efficiency also was entirely suggested. Computer 
simulations were made for the representative case of the mechanical friction and the gas leakage 
clearance, and similar simulations could be easily performed for any case to find better chart 
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diagram for optimal design of the rotary compressors. Similar calculations have been applied 
to the scroll compressors also, for its optimal performance. The calculated results will be 
presented in near future. 
On the basis of this kind of studies, Matsushita is making a great effort to develop 
various types of compressor with the best performance, to be the world-leading company in air-
conditioning market. 
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